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In the structure of a mixed crystal, C 17 H 17 BrO 2 SÁC 17 H 16 OS, containing chalcone and 2-bromo-3-hydroxy-1-(4-methylphenyl)-3-[4-(methylsulfanyl)phenyl]propan-1-one, the two molecules are linked by a strong hydrogen bond between the alcohol H atom of 2-bromo-3-hydroxy-1-(4-methylphenyl)-3-[4-(methylsulfanyl)phenyl]propan-1-one and the ketone group of chalcone.
Comment
There is currently great demand for large and high quality ferroelectric or piezoelectric single crystals with minimum defects and inhomogenities. An important goal of crystal growth is the improvement of microscopic and macroscopic homogeneity, which is a necessity for any application. Different types of crystals being used are semiconductor crystals, oxide crystals, alkali halide crystals and non-linear optical (NLO) crystals. The NLO effect in organic compounds originates from a strong donor-acceptor intermolecular interaction, a delocalized -electron system and the ability to crystallize in a non-centrosymmetric structure. Among several organic compounds reported for their NLO properties, chalcone derivatives are prominent materials for their excellent blue light transmittance and good crystallizability. They provide the configuration necessary to show NLO activity, with two planar rings connected through a conjugated double bond (Goto et al., 1991; Uchida et al., 1998; Tam et al., 1989; Indira et al., 2002) . From a search of noncentrosymmetric chalcone derivatives in the Cambridge Structural Database (ConQuest Version 1.8; Allen, 2002) , it seems that a necessary but not sufficient condition is substitution on either of the phenyl rings in the para position (Rabinovich, 1970; Arai et al., 1994; Rabinovich & Shakked, 1974; Ravishankar et al., 2005; Rabinovich & Schmidt, 1970; Li et al., 1992; Gupta et al., 2002; Turowska-Tyrk et al., 2003; Zheng et al., 1992; Patil et al., 2006) . It is speculated that, in order to improve the activity, more bulky substituents should be introduced to increase the spontaneous polarization of a noncentrosymmetric crystal structure (Fichou et al., 1988) . The molecular hyperpolarizability, , is strongly influenced not only by the electronic effect but also by the steric effect of the substituents (Cho et al., 1996) .
In a continuation of our quest to synthesize new materials which could find use in the photonics industry, we have synthesized a new chalcone. However, chalcone derivatives often have low melting points, which can be a drawback for the application of these crystals in optical instruments. Chalcone dibromides usually have higher melting points and are thermally stable. With this in mind, we wanted to prepare a new dibromochalcone starting from 1-(4-methylphenyl)-3-[4-(methylsulfanyl)phenyl]prop-2-en-1-one in chloroform using commercial-grade bromine. However, single-crystal X-ray analysis revealed that compound (I) is a mixed crystal of chalcone and 2-bromo-3-hydroxy-1-(4-methylphenyl)-3-[4-(methylsulfanyl)phenyl]propan-1-one, as the bromination reaction is incomplete. The hydroxobromo derivative of chalcone is formed by the cleavage of a cyclic bromonium intermediate by nucleophilic attack of water on the bromonium ion instead of on the bromide ion (see scheme). Thus, some of the chalcone remains unreacted, giving a mixed crystal with 2-bromo-3-hydroxy-1-(4-methylphenyl)-3-[4-(methylsulfanyl)phenyl]propan-1-one linked by hydrogen bonding. Bromination was carried out in commercial-grade bromine in chloroform, and moisture was not excluded. The reduction of the double bond in the chalcone derivative is confirmed by the structural results, which show the addition of an -OH function to C8A, and by the lengthening of the C8-C9 bond from 1.344 (3) for C8B-C9B to 1.505 (3) Å for C8A-C9A and the change in the angles about C8A and C9A from trigonal (sp 2 ) to tetrahedral (sp 3 ) values.
Experimental
To a solution of 1-(4-methylphenyl)-3-[4-(methylsulfanyl)phenyl]prop-2-en-1-one (2.68 g, 0.01 mol) in chloroform (50 ml), bromine (1.60 g, 0.01 mol) in chloroform (20 ml) was added slowly with stirring. After the completion of the addition of the bromine solution, the reaction mixture was stirred for 24 h. Excess chloroform was distilled off under reduced pressure. The solid obtained was dried and recrystallized from acetone. A view showing the two components of (I), linked by a strong hydrogen bond (dashed line) between the alcohol H atom of 2-bromo-3-hydroxy-1-(4-methylphenyl)-3-[4-(methylthio)phenyl]propan-1-one and the ketone group of chalcone. Displacement ellipsoids are drawn at the 20% probability level.
Figure 2
The molecular packing, viewed down the c axis. Hydrogen bonds are shown as dashed lines
Refinement
Refinement on F 2 R[F 2 > 2(F 2 )] = 0.040 wR(F 2 ) = 0.115 S = 1.06 7025 reflections 366 parameters H atoms treated by a mixture of independent and constrained refinement Table 1 Selected geometric parameters (Å , ).
Br-C9A 1.978 (2) S1A-C2A 1.762 (2) S1A-C1A 1.802 (2) S1B-C2B 1.762 (2) S1B-C1B
119.67 (19) Table 2 Hydrogen-bond geometry (Å , ).
O1A-H1AÁ Á ÁO 0.82 1.95 2.760 (2) 170 All H atoms were initially located in a difference Fourier map. The methyl H atoms were then constrained to an ideal geometry, with C-H distances of 0.98 Å and U iso (H) = 1.5U eq (C), but each group was allowed to rotate freely about its C-C bond. The H attached to O1A was located in a difference Fourier map and idealized with O-H = 0.82 Å and U iso (H) = 1.5U eq (O). All other H atoms were placed in geometrically idealized positions and constrained to ride on their parent atoms, with C-H distances in the range 0.95-1.00 Å and U iso (H) = 1.2U eq (C).
Data collection: SMART (Bruker, 1998) ; cell refinement: SAINT-Plus (Bruker, 1999) ; data reduction: SAINT-Plus; program(s) used to solve structure: SHELXS97 (Sheldrick, 1990) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 1997a); molecular graphics: SHELXTL (Sheldrick, 1997b) ; software used to prepare material for publication: SHELXTL.
One of the authors (BKS) thanks AICTE, Government of India, New Delhi, for financial assistance under the Career Award for Young Teachers (CAYT) scheme. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Br 0.03005 (2) 0.45464 (2) (9) 0.0101 (7) −0.0028 (7) −0.0014 (7) O1A 0.0174 (8) 0.0290 (9) 0.0189 (8) 0.0114 (7) 0.0058 (6) 0.0026 (7) O2A 0.0205 (8) 0.0287 (9) 0.0249 (9) 0.0021 (7) 0.0038 (7) 0.0074 (7) sup-4
Acta Cryst. (2006) . E62, o2350-o2352 C1A 0.0294 (13) 0.0322 (13) 0.0221 (13) 0.0156 (11) 0.0025 (10) 0.0070 (11) C2A 0.0176 (10) 0.0170 (10) 0.0172 (11) 0.0076 (9) 0.0048 (9) −0.0023 (9) C3A 0.0159 (10) 0.0137 (10) 0.0213 (11) 0.0033 (8) 0.0064 (9) 0.0023 (9) C4A 0.0216 (11) 0.0148 (10) 0.0151 (11) 0.0051 (9) 0.0021 (9) 0.0028 (8) C5A 0.0183 (10) 0.0175 (10) 0.0164 (11) 0.0045 (9) 0.0034 (9) 0.0013 (9) C6A 0.0199 (11) 0.0149 (10) 0.0201 (12) 0.0023 (9) 0.0040 (9) 0.0021 (9) C7A 0.0221 (11) 0.0146 (10) 0.0181 (11) 0.0083 (9) 0.0048 (9) 0.0025 (9) C8A 0.0213 (11) 0.0163 (10) 0.0195 (11) 0.0040 (9) 0.0011 (9) 0.0029 (9) C9A 0.0197 (11) 0.0191 (11) 0.0235 (12) 0.0041 (9) 0.0042 (9) 0.0058 (9) C10A 0.0175 (10) 0.0173 (10) 0.0184 (11) 0.0065 (9) 0.0025 (9) −0.0008 (9) C11A 0.0184 (11) 0.0154 (10) 0.0165 (11) 0.0071 (8) 0.0212 (11) 0.0164 (10) 0.0190 (11) 0.0077 (9) 0.0028 (9) −0.0011 (9) C13B 0.0186 (11) 0.0244 (12) 0.0153 (11) 0.0046 (9) 0.0000 (9) 0.0014 (9) C14B 0.0171 (10) 0.0189 (11) 0.0248 (12) 0.0065 (9) 0.0070 (9) 0.0105 (9) C15B 0.0228 (11) 0.0144 (10) 0.0238 (12) 0.0073 (9) 0.0056 (9) 0.0012 (9) C16B 0.0191 (11) 0.0137 (10) 0.0195 (11) 0.0024 (8) 0.0006 (9) −0.0005 (9) C17B 0.0243 (12) 0.0274 (12) 0.0258 (13) 0.0122 (10) 0.0019 (10) 0.0056 (10)
Geometric parameters (Å, º)
Br-C9A 1.978 (2) C16A-H16A 0.9300 S1A-C2A 1.762 (2) C17A-H17A 0.9600 S1A-C1A 1.802 (2) C17A-H17B 0.9600 S1B-C2B 1.762 (2) C17A-H17C 0.9600 S1B-C1B 
